In this procedure for disopyramide in serum, the drug is extracted into n-heptane/isobutanol (96/4 by vol), then back-extracted into 1 mol/L H2S04. The acidic solution is made basic with sodium hydroxide, extracted with diethyl ether, and the extract evaporated. The residue is redissolved in ethanol and analyzed by gas-chromatography, with use of a nitrogen-selective detector. p-Chlorodisopyramide is used as internal standard. Concentration and instrument response for serum extracts are linearly related from ito 5 mg/L, the slope being 0.61, the y-intercept -0.10, the standard error of estimate 0.01, and the correlation coefficient 0.99. Within-run precision was 6 and 4% for 3 and 5 mg/L concentrations, respectively, with a between-run precision of 7% at the 3 mg/L concentration. Diazepam interferes, but procainamide, chlordiazepoxide, quinidine, lidocaine, propranolol, sulfanilamide, and many other basic drugs do not.
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Disopyamide phosphate ("Norpace," Searle), a newly marketed anti-arrhythniic drug, is currently available for oral administration. Although the structure of disopyramide is not chemically related to that of procamnamide or quinidine, it similarly affects cardiac action potential.
The drug has a biological half-life of 5 to 7 h, most (about 80%) being excreted in the urine unchanged (1, 2). The predominant metabolite of disopyramide, the mono-n -dealkylated metabolite, possesses about half the anti-arrhythmic activity of the parent compound and is present at <0.1 its concentration in serum (1, 3) ..
For maximum therapeutic efficacy, it is thought that plasma concentrations should be 2 to 4 mg of disopyramide per liter; these are achieved with an oral dose of 100 to 200mg four times a day (1, 4, 5) . Toxic symptoms and adverse reactions owing to the drug's anticholinergic properties are thought to occur when concentrations exceed 5.5 mg/L (1,
4).
Several chromatographic procedures for determining disopyramide and its monoalkyl metabolite have been reported (3, (6) (7) (8) .
This report describes a sensitive, rapid, and precise procedure for the routine clinical laboratory determination of disopyramide in serum. Gas-chromatographic conditions, extracting solvents, and drug interferences were optimized and a nitrogen-selective detector was used. 
Materials and Methods
We used a Model 3920 gas chromatograph equipped with a flame ionization and a nitrogen-phosphorus-selective detector (all from Perkin-Elmer Corp., Norwalk, CT 06856). The coiled glass column was 1.8 m by 2 mm (i.d.), packed with 3% OV-17 on 100/120 mesh Gas Chrom Q (Applied Science Labs., State College, PA 16801).
We also used a Model 5840A gas chromatograph with dual nitrogen-phosphorus detectors and a flame ionization detector for some of the analyses. Coiled glass columns, 1. disopyramide solution, make it basic and extract it into ether. Evaporate the ether to dryness. Dissolve the residue in 5 mL of ethanol.
Reagents
p-Chlorodisopyramide injection standard.
Dissolve 10 mg of p-chlorodisopyramide in ethanol and dilute to 10 mL.
Operating Conditions
We used the following chromatographic conditions. For the 3% OV-17 column: helium carrier gas with a flow rate of 40 mL/min, injector temperature 275 #{176}C, interface temperature of 275 #{176}C, and column temperature isothermal at 260 #{176}C. For the 2% OV-101 column: nitrogen carrier gas at 30 mL/min, injector temperature 275 #{176}C, detector temperature 275 #{176}C, and column temperature isothermal at 230 #{176}C. For the 2% SP-2250 column the conditions were identical to the OV-101 column except that the column temperature was 250 #{176}C. The nitrogen-selective detector settings were 5.5 to 6.5 on the Perkin-Elmer 3920 gas chromatograph with air flow at 40 psi and hydrogen flow at 8 psi. On the Hewlett-Packard 5840A gas chromatograph, the nitrogen detector was set at 14 or 15 V (equivalent to a recorder offset of 80 to 90 mm) with a hydrogen flow of 3 mL/min and an air flow of 50 mL/min.
Procedure
Acid wash and rinse the glass ware with de-ionized distilled water before use. Place 2-3 mL of serum (blank, standard, control, and patient's sample) into a 50-mL centrifuge tube.
Add 0.8 mL of the 10 mg/L internal standard solution, 4 mL of 0.5 mol/L NaOH, and vortex-mix. Add 25 mL of n-heptane/isobutanol. Shake with a mechanical shaker for 5 mm.
Centrifuge for 5 mm and transfer 20 mL of the top layer, filtering it through phase separation paper or Whatman No. 1 filter paper. Add 4 mL of 1 mol/L H2SO4, shake for 2 mm, and then centrifuge for 2 mm. To 3 mL of H2SO4, add 2.5 mL of 4.4 mol/L NaOH, vortex-mix, and then add 10 mL of diethyl ether. Shake for 2 mm, centrifuge, and transfer the ether layer. Add 1 g of anhydrous sodium sulfate, mix, and then filter the ether layer through phase separation paper. Evaporate the ether and dissolve the residue in 25 pL of absolute ethanol.
Inject 1 zL for analysis. Inject pure standards of disopyramide and p-chlorodisopyramide, to confirm the retention time of the drugs before gas-chromatographing the serum extracts.
Calculate the peak-height ratio of disopyramide to the internal standard for each sample, then calculate the concentration of the unknowns by using the closest standard.
Results

Chromatographs
for a serum blank, standard, and a pa- The relative percent recovery of sera extracts of 2,4,6, and 8mg of disopyramide per liter was 97 ± 3 (n = 4),105 ± 7 (n = 3), 100 ± 6 (n = 3), and 95 ± 6% (n = 3).
Within-run precision of the assay (CV) at the 3 and 5 mg/L concentrations was 6 (n = 4) and 4% (n = 3), respectively, with a 108 ± 6 and 92 ± 4% recovery. The between-run precision (CV) for a 3 mg/L control was 7% (n = 9) with a 105 ± 7% recovery. The between-run recovery at the 1, 3, and 5 mg/L concentration was 95 ± 13 (n = 6), 101 ± 9 and 103 ± 9% (n = 3). 
Discussion
The observed interference by diazepam in this procedure can be eliminated by extracting at pH 7.4 instead of a more basic pH and then following the procedure we described above. An ultraviolet spectrophotometric procedure, with extraction at pH 7, has been reported for disopyramide (9) . The problem in using ultraviolet spectrophotometry for disopyramide is that acetaminophen and chiordiazepoxide are co-extracted under the same conditions and would interfere. However, if this extraction procedure (9) is followed by gaschromatographic analysis, interference from acetaminophen and chiordiazepoxide is eliminated. A pH >10 is preferred for the optimal extraction of disopyramide (3) . Chloroform extraction at pH 14 gives a 20% increase in recovery of disopyramide as compared to extraction at pH 7 (3). Specificity as well as sensitivity wasimproved by extraction at a basic pH, since gas-chromatography of the pH 7 extract gave an interference peak close to that of disopyramide.
We compared the effect of using chloroform/isopropanol (20/1 by vol) and heptane/isobutanol (96/4 by vol) as extracting solvents for disopyramide. Sera blanks and standards of 1, 3, and 5 mg/L, run in duplicate, gave almost identical results with the two solvent systems. Thus there is no advantage in using chloroform instead of n-heptane as the extracting solvent. We prefer to use heptane because during extraction it forms the top layer and permits more convenient transfer of material.
Extracting disopyramide in a basic pH and then back extracting it in an acidic medium to eliminate interference is an important step in this determination. Although nitrogenselective detectors are known to have a greater discriminating power in detecting nitrogen-containing compounds over non-nitrogen-containing compounds, a better chromatogram is obtained from a cleaner sample (7). In addition, back ex- tracting in H2SO4 and then ether eliminates possible interferences from certain drugs such as procainamide (8) .
Gas-chromatography of the pure mono-n-dealkylated metabolite showed that the compound decomposes under the gas-chromatographic conditions of study, yielding two peaks. "High pressure" liquid chromatography of the pure metabolite showed only one peak, indicating that a direct gas-chromatographic method could not be used to determine the metabolite.
The mono-n -dealkylated metabolite is only half as active as disopyramide and it is present in serum in <0.1 the concentration of the parent drug, so knowledge of the metabolite concentration in patients with normal renal function is not critical. However, should such a determination be needed the procedure could be modified to include the metabolite by forming an acetate derivative (3) . A more desirable method of analysis, however, would be reversed-phase liquid chromatography. Such a procedure has been reported for disopyramide and its metabolite (6) . By dissolving the residue of the extraction procedure as described above in 0.05 mol/L H2SO4 and submitting it to such chromatography, an excellent separation was obtained for mono-n-alkylated disopyramide, disopyramide, and p-chlorodisopyramide.
In this laboratory, for reversed-phase chromatography, we used 5 mmol of sodium octane sulfonate per liter for ion pairing and a 60/40 mixture of methanol/water as the eluting solvent at 1.5 mL/min. Retention times relative to that for p -chlorodisopyramide are 0.56 and 0.70 for mono-n-alkyl-disopyramide and disopyramide; retention time of p-chlorodisopyramide is 8.5 mm. Table 1 illustrates the usefulness of disopyramide monitoring. Patient B.B., who was started on 100 mg of Norpace, was well under control for some time; then there was a sudden decline in the serum drug concentration, even though the patient was still on the same dosage of drug. Increasing the dose to 200 mg again brought the patient under therapeutic control-an example of the unpredictability of serum concentrations of disopyramide. The reason for this change in this case is not known. However, the patient was under adequate anti-arrhythmic control after the dosage of Norpace was increased.
In therapeutic monitoring, at steady state there should be a linear relationship between the total drug present in the body and the concentration of the parent drug and all of its possible metabolites in the blood. The determination of the concentrations of parent drug is thus quite appropriate under these conditions. This relationship may not hold true in cases where steady-state cannot be assumed, as in a patient with changing drug distribution or rate of elimination or metabolism.
Several different gas-chromatographic packings can be used in determining disopyramide by our method. Columns of 2% OV-101 at 230 #{176}C and of 2% SP-2250 at 250 #{176}C gave good analytical results. If one does not have a nitrogen-selective detector, the analysis can be performed with use of a flameionization detector (8) . However, the internal standard will have to be increased to about threefold its suggested concentration, and the chromatographs will not be as "clean" as those obtained with a nitrogen-selective detector.
With the present procedure, good between-day linearity was observed, with close to 100% recovery of the parent drug from a serum matrix.
